Abstract Spiro[3,3]heptane-2,6-dispiro-4,5-diazafluorene (4) has been synthesized in three steps from 1,10-phenanthroline. It crystallizes in the orthorhombic space group P2 1 2 1 2 1 and has the two 4,5-diazafluorene metal binding domains mutually orthogonal.
Introduction
Nitrogen-containing heterocyclic ligands are commonly used as bridges between metal centres and serve to facilitate communication between metals, such as energy or electron transfer or magnetic interactions. 1, 2 The magnitude of such interactions depends upon the distance between the metals, the extent of conjugation between the donor sites and the electronic properties of the heterocycles. In some cases surprisingly strong metal-metal interactions take place. 3 Such ligands have found numerous applications in applied areas such as multi-electron catalysis, information storage, solar energy conversion, and artificial photosynthesis.
Ligands that contain two 2,2'-bipyridine (bpy) subunits coordinate to metal atoms with the formation of stable five-membered chelate rings and have been extensively used in coordination chemistry. 4 Recently we described the synthesis and complexes of assorted ligands that contain di-2-pyridylmethane units linked by saturated and unsaturated bridges. [5] [6] [7] [8] We now describe the synthesis and X-ray crystal structure of the novel trispiro ligand 4, which was designed to provide a ligand containing two mutually orthogonal bpy units separated by a rigid, saturated spacer group.
Results and Discussion
The synthetic procedure used to prepare 4 is shown in Scheme 1 and was based on the recently reported synthesis of the corresponding carbocyclic analogue. 9 4,5-Diazafluorenone (1), prepared by oxidation of 1,10-phenanthroline, 10 was subjected to Wolff-Kishner reduction according to a literature procedure. 11 In our hands this resulted not only in the formation of the desired 4,5diazafluorene (2) (36% yield) but also in the dimeric by-product 9,9'-bi-4,5-diazafluorene (3) (26% yield). This latter compound is itself a bridging ligand and useful precursor to the corresponding unsaturated 9,9'-bi-4,5-diazafluorenylidene. 12 Conversion of 2 to its potassium salt and treatment with pentaerythrityl tetrabromide furnished the trispiran 4, albeit in somewhat disappointing yield (18%). This new compound was characterized by mass spectrometry and 1 H and 13 C NMR. However, subsequent attempts to prepare complexes of 4 failed to provide any stable metal complexes. We became concerned about the identity of this compound and therefore carried out a single crystal X-ray structure determination, in order to establish unambiguously the structure. Crystals of 4, suitable for X-ray crystallography, were obtained by recrystallisation from a mixture of dichloromethane and diethyl ether. The compound crystallizes in the chiral, orthorhombic space group P2 1 2 1 2 1 with four molecules in the unit cell. The structure is confirmed as being the desired trispiran ( Figure 1 ). Each spiro centre introduces an orthogonal orientation between the meanplanes of adjacent rings [90.8° at C(1), 90.6° at C(19) and 89.1° at C(39)] As a result the two 4,5-diazafluorene subunits are approximately orthogonal, but are still ideally placed to chelate to two metal atoms. Unlike the corresponding carbocyclic analogue, 9 which has crystallographically imposed S 4 symmetry, the cyclobutane rings are slightly puckered, which introduces a small curvature to the ligand in the solid state. The strain within the structure is apparent in the large deviations of the bond angles about C(1) from the tetrahedral value (Figure 1) . A consideration of the packing reveals that molecules of 4 pack in a herringbone arrangement, with edge-to-face π-π interactions between adjacent molecules. 
